Choline is an essential nutrient that is found in several foods (e.g. eggs and liver), and is synthesized in the body. Choline is an important constituent of phosphatidylcholine, a type of phospholipid found in membranes. As such, choline plays an important role in membrane structure and in membrane-mediated cell signaling via phospholipases. As a precursor to acetylcholine, and a neurotransmitter involved in muscle control, attention, learning and memory, it is important in many cognitive processes. Choline also plays a number of roles in brain development. Maternal reserves of choline are depleted during pregnancy and lactation, and precisely at this time the availability of choline for optimal brain development is critical (Zeisel, [@B4]).

Recently, Meck et al. ([@B1]) showed that supplementation with dietary choline during rat embryonic days ED12--17 and postnatal days PD16--30 prevents the spatial memory decline that is normally observed in aged rats (see Figure [1](#F1){ref-type="fig"}). To measure spatial memory, the authors used an elevated 12-radial-arm maze (a hippocampal-dependent task), where eight arms contain a food pellet and other four arms are always empty. The task of the animal is to retrieve all food pellets using the fewest number of choices. Two types of errors can occur in the task. Re-entries into a baited (food-containing) arm are considered to be working memory errors, since the status changes from baited to unbaited, whereas entry to a never-baited arm is considered to be a reference memory error. Remarkably, Meck et al. ([@B1]) found that choline supplementation in the two critical periods reduced the frequency of both types of errors. However, the supplementation with choline during the ED12--17 period caused a greater improvement on spatial memory than the supplementation during the PD16--30 period, indicating that the choline availability during pregnancy is more important for memory enhancement than lactation.

![**(A)** Schematic representation of two critical periods in which choline deficiency is naturally induced by choline demands imposed by brain development during pregnancy and lactation (Dashed line represents the choline required for optimal rat brain development). The work of Meck et al. ([@B1]) showed that choline supplementation either during Embryonic Days, ED 12--17 or Postnatal Days, PD 16--30 inoculates against the memory decline normally observed in aged rats. **(B)** Behavioral performance of old rats trained in a spatial memory task as a function of choline supplementation during different developmental periods. Rats that had choline supplemented in ED 12--17 or PD 16--30 solved the 12-radial-arm maze in fewer choices than the counterparts that did not receive choline (control) or received it in other time durations.](fnins-02-135-g001){#F1}

Meck et al. ([@B1]) also studied whether perinatal choline supplementation is also important for optimal brain development in behaviorally naïve rats. In older rats, this was accomplished by counting the number of dendritic spines in the hippocampus, a region involved in the acquisition of spatial memories that also underwent synaptic plasticity (Ramirez-Amaya et al., [@B2]; Shapiro and Eichenbaum, [@B3]). Compared with untreated rats, the older rats that received choline during ED12--17 and PD16--30 showed a greater number of dendritic spines in the CA1 and dentate gyrus of the hippocampus. Additional morphologic analysis of granule cells of the dentate gyrus revealed that their dendritic tree shapes were more spread in perinatal choline-treated older rats than the untreated control group. However, as the spread of the dendritic trees of granule cells tends to decrease with age, the result indicates that the perinatal choline supplementation also prevents age-related morphological changes.

Finally, Meck et al. ([@B1]) conducted a longitudinal study, to examine whether memory facilitation by prenatal choline supplementation lasts into old age, in which rats that received choline supplementation in the ED12--17 period and control rats (untreated) were trained at 2, 14, and 26 months. Despite the fact that control rats received the same amount of overtraining in the task, choline-supplemented animals exhibited a significantly greater behavioral performance. The result indicates that the choline supplementation has a lifelong effect on brain function. It also suggests that overtraining, at least in the amount used in the experiment, does not rescue the normal memory decline observed with aging. As choline is a precursor for acetylcholine (ACh), Meck et al. ([@B1]) also measured the ACh content in hippocampal slices from animals trained at three different durations. The authors found that the ACh content correlates with the behavioral performance; that is the older rats that made fewer errors had a greater hippocampal ACh content. Therefore, the choline supplementation in the ED12--17 period caused a lifelong increase in cholinergic metabolism, at least, in the hippocampus, and these changes correlate with the behavioral performance. Although there is no doubt about the important role that choline plays in enhancing memory function, it is well known that there are several classes of memories (i.e., non-hippocampal-dependent memories) suggesting that additional studies should be conducted to determine the extent to which choline supplementation protects from normal age-related decline of non-spatial memories. Nevertheless, the study strongly indicates that spatial memory in aged rats can be, in part, determined by what one\'s mother eats during critical times in pregnancy. Clearly, we hope that before our birth our mothers ate plenty of eggs and liver.
